Abstract This paper explores the environmental impacts of dietary changes consistent with the nutrition transition common in countries going through economic development, inferred from commodity supply data from FAOSTAT. Supply data for 1961 and 2011 from three case study countries which have undergone significant economic transition in recent decades (Brazil, China and India) were compared on a per-capita basis to avoid confounding issues of population growth. Brazil showed marked increases in beef and poultry meat supply (kcal) while in China poultry and pig meat showed marked increases, particularly for pig meat. Per-capita supply of fruit in Brazil and vegetables in China were higher than in Europe by 2011. Supply of vegetable oil increased in all three countries and this was the majority commodity traded, hence much of its impact would have been felt in country of origin. The increase in beef production in Brazil, attributed to changing diet (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011), had the greatest impact on increased water use, although the increase in supply of pig meat in China and cereals in China and India (attributable to changing diets) also made major contributions. The increase in cereal supply in China and India had a major impact on phosphorus and nitrogen cycles, with beef having a major impact on greenhouse gas emissions (GHGs). The increase in vegetable oils had a major impact through increasing land use. These findings highlight differential environmental impacts of the nutrition transition in different countries and emphasise the need to measure environmental impacts beyond those on GHGs.
Introduction
The observation that diets change as countries develop economically, socially and politically is well recognised and termed 'nutrition transition' (Popkin 2003) . Dietary changes are typically from traditional diets (which vary between countries) to diets high in sugar, fat, animal based products and processed foods, and low in fibre and unrefined cereals -diets characteristic of high income countries. The driving forces behind these changes have been attributed to increasing wealth, the availability and access to cheaper food, expansion of global food markets and urbanisation (Popkin 2003) . Changes to food systems and diets, along with reduced physical activity, have resulted in a global increase in the prevalence of people overweight and obese, and in noncommunicable diseases (NCD), such as diabetes, cardiovascular disease and cancer. Globally the prevalence of overweight and obese individuals (BMI≥25 kg.m −2 ) has increased among adults from 27.5 % in 1980 to 47.1 % in 2013 (Stevens et al. 2012) , with increases seen in both developed and developing countries, and among adults and children (Ng et al. 2014) . It is estimated that between 1980 and 2008, the global prevalence of obesity (BMI≥30 kg.m ) almost doubled, with the fastest rate of increase observed between 1992 and 2002.
While higher intakes of sugars, fats and processed foods are contributing to obesity and NCD, some of the dietary changes can have health benefits in populations where Special section series Strengthening the links between nutrition and health outcomes and agricultural research malnutrition is common, specifically in terms of micronutrient status. For example, a small increase in animal based products (e.g. meat and dairy) can provide essential micronutrients, such as iron, zinc, B-vitamins and calcium, which are often deficient in the diets in low and middle income countries. There is, however, a fine line in the nutrition transition between ensuring nutrient adequacy while avoiding excessive consumption. In the case of red meat, while it can provide essential micronutrients, it tends to be high in fats, especially saturated fatty acids. Consumption of meat tends to increase with wealth, but there is some evidence suggesting that a non-linear (inverted U shape) relationship between meat consumption and income has started to appear (Vranken et al. 2014) . These issues illustrate some of the complexities of optimising dietary change to maximise health benefits, especially in low and middle income countries, where both under-and over-nutrition often co-exist, even in the same household (Popkin 2002) .
It is well recognised that the production of different types of food have differential effects on the environment and hence dietary changes influence that impact. Modelling studies show that changes in future diets can have a significant impact on greenhouse gas (GHG) emissions from food production . The increased demand for dairy, meat and egg products in big cities in China has led to a rapid increase in landless, intensive livestock production systems with a negative impact on water quality (Liang et al. 2013) . Animal manure from intensive animal farms are usually discharged to nearby waters, or dumped in lagoons, where the liquid fraction evaporates to air and drains to the subsoil with little beneficial use and with the release of nitrous oxide emissions (Wang et al. 2010 (Wang et al. , 2011 . Also in China, the changes in food systems have increased phosphorus losses from agriculture to both the atmosphere and water systems as crop residues, animal manures and human waste are no longer incorporated into cropland (Ma et al. 2014) . Excessive nutrient flows (e.g. nitrogen) cause water eutrophication with negative impacts on biodiversity, and exacerbate climate change through nitrous oxide emissions (Kahiluoto et al. 2014) . Dietary changes may also have an impact on water systems as the volume of freshwater that is used to produce food varies according to the type of food produced (Hoekstra and Hung 2002) .
In a globalized world economy, products derived from using the land are often not consumed where they are produced (Haberl et al. 2009; Grenz et al. 2007; Turner et al. 2007) . Therefore, dietary changes occurring in one part of the world can also have an impact on the environment in other regions of the world. In Brazil the provision of substantial quantities of beef and soyabean meal to national and global markets has caused deforestation in the Brazilian Amazon (Pfaff and Walker 2010) . Rapid economic growth in China and a diet richer in meat products has increased soyabean meal imports from Brazil to feed livestock produced in landless and intensive systems (Ma et al. 2014; Liang et al. 2013; Naylor et al. 2005) . The correlation between specific planetary processes in one region of the world to distant and seemingly unconnected regions elsewhere has been defined as Bteleconnections^ (Steffen 2006) .
The need to take environmental considerations into account, alongside dietary guidelines was pointed out by Gussow and Clancy (1986) in the 1980s, yet Lang (2005) noted that many nutritionists have not paid much attention to the impacts of nutrition patterns on the environment. Nonetheless, more recently, several studies relating these two issues have been published. For example, Macdiarmid (2013) , investigated whether a healthy diet could also be an environmentally sustainable diet and highlighted the need to consider the impact of whole diets and not just individual components. Peters et al. (2009) investigated how the relation between the place where food is produced and the place where this food is consumed has an impact on the environment and the vulnerability of the food system. Tilman and Clark (2014) compiled and analysed global-level data to quantify relationships among diet, environmental sustainability and human health to evaluate potential future environmental impacts of the global dietary transition. Kahiluoto et al. (2014) investigated how much the food supply should be reduced if the planet is to be kept within safe nutrient boundaries and how much of this reduction would depend on population growth and on potential shifts in the agrifood systems.
The CGIAR, a global partnership that unites organizations engaged in research for a food secure future, 1 adopted the goal of 'Improved Nutrition and Health', alongside a goal of 'Sustainable Management of Natural Resources' in its Strategy and Results Framework which was published in 2011 (CGIAR 2011) . The focus to date has not brought these two goals together, but there will be increasing pressure to do so in the future. For example, the UN-led work to replace the Millennium Development Goals (which had a deadline of 2015) with new global targets to be called Sustainable Development Goals, 2 currently (September 2014) includes 'sustainable agriculture' alongside the target on hunger, food security and nutrition: 'End hunger, achieve food security and improve nutrition and promote sustainable agriculture', bringing nutrition and environmental considerations into the same goal. This is in line with a more general trend in agricultural/ environmental research to adopt inter-disciplinary approaches. Recognition of the limitations of individual disciplines in resolving global challenges has grown over the last two to three decades resulting in a significant increase in collaboration between disciplines. Different disciplines view societal challenges from different perspectives and merging those perspectives can provide new insights.
This study, therefore, starts to explore how changes in diet (using food supply as the source of data) in countries which are already well down the path of 'nutrition transition' have had an impact on a range of environmental indicators, including GHG emissions, water use, nitrogen and phosphorus cycles and land use. Three case study countries were chosen: Brazil, China and India, as they have been undergoing rapid economic development for over a decade and together contribute over 30 % of the world's population.
The objective of the analysis is to estimate environmental impacts of changes in the supply of food commodities in the three case study countries, as a first step in the process of identifying which environmental indicators might be considered a priority for measurement as the momentum of the nutrition transition increases in other developing countries.
The research questions addressed within this paper were, therefore:
1. What are recent trends in the supply of food components per capita in the 3 case study countries, separating out the impact of changes in diet from those of population growth? 2. What is the environmental impact of these major changes within the 3 countries? 3. What is the impact of trade of these changes on the likely location of environmental impact?
Conclusions are drawn about the need for taking environmental measurements beyond GHGs and the implications these might have for agricultural research aimed at addressing nutritional and environmental outcomes simultaneously.
Methods

Food supply data
FAOSTAT food balance data were used to present a picture of major changes in commodities contributing to a country's food supply in kg per capita per year and kcal per capita per day. The data are provided for 1961 and 2011 (the earliest and latest years of records available in the database). They reflect the total quantity of foodstuffs produced in a country added to the total quantity imported and adjusted to any change in stocks that may have occurred since the beginning of the reference period, minus the quantity exported, fed to animals or wasted in storage or transportation. Thus, the data give the supply of food stuffs available during that period (FAOSTAT 2015) .
The FAO food supply data provide valuable information for tracking dietary changes both globally and at a national level. The data are based on food supply as defined by FAO, above, which is often used as a proxy for consumption. It should not, however, be interpreted as absolute consumption because it describes the availability of food in a country but does not account for food waste in the retail chain or home. Per capita supply of each food item takes into account the population estimates for the respective country and is available in terms of nutrients (protein, energy and fat). In this study we have used food supply data in terms of dietary energy value (kcal.capita
) as an indicator of changes in diet in China, Brazil and India, as distinct from the increases associated with population growth.
The plant items investigated were cereals, fruits, oil crops, pulses, starchy roots, sugar and sweeteners, vegetable oils, and vegetables. Animal products were bovine meat, poultry meat, pig meat and milk. Data for Europe were included as a benchmark of a developed country.
Trade data
The data on value (US$) of world food exports were taken from the World Trade Organisation's statistics database 3 and the value of processed food traded from USDA. 4 The data on quantity (metric tons) of individual commodities traded in 2013/14 were also taken from USDA 5 which provides a summary of the main importing and exporting countries, while the changes in imports from 1961 to 2011 were taken from FAOSTAT.
Environmental impacts calculations
In this study we used part of the planetary boundaries framework, adapted from Rockström et al. (2009) , to estimate the environmental impacts in the three case study countries due to nutrition transitions. The planetary boundaries framework defines the safe operating space for humanity with respect to the Earth system and its biophysical subsystems (or processes), namely climate change, biodiversity loss, nitrogen (N) and phosphorus (P) cycles, stratospheric ozone depletion, ocean acidification, global freshwater use, land use, atmospheric aerosol loading, and chemical pollution. Data available allowed the calculation of the impact of nutrition transition on freshwater use, N and P cycles, land requirements and GHG emissions. These were estimated for the main food commodities which are recognised as important in the nutrition transition, namely cereals, fruits, oil crops, sugar crops, vegetables, milk, poultry meat, pig meat and bovine meat. All the impacts were estimated per kcal of food type.
Global freshwater use
The water footprint of some selected food products from vegetable and animal origin per unit of energy (litres per kcal) is provided by the UNESCO 2010 report (Mekonnen and Hoekstra 2010) . This study gives the total water footprint per ton (m 3 /ton), which is the sum of green, blue and grey water footprints, per food type (e.g. vegetables, fruits, sugar crops, cereals), without disaggregating for specific foods. The blue water footprint refers to the volume of surface and groundwater consumed (evaporated) as a result of the production of a good; the green water footprint refers to the rainwater consumed. The grey water footprint of a product refers to the volume of freshwater that is required to assimilate the load of pollutants based on existing ambient water quality standards (Hoekstra and Chapagain 2007) . The water footprint by product type was then multiplied by the food supply of each of these products in kcal per capita per day.
Nitrogen and phosphorus cycles
The International Fertilizer Industry Association 2 provides activity data on mineral fertiliser application (N) and phosphate (P 2 O 5 ) use in thousands of tonnes (000 tonnes) per crop (soybean, cereals, fruits, oil crops, sugar crops and vegetables) for China, India and Brazil, for the period 2006-2011. The total N and P 2 O 5 quantities used per crop (soybean meal, cereals, fruits, oil crops, sugar crops and vegetables) in kg was divided by the crop production (soybean meal, cereals, fruits, oil crops, sugar crops and vegetables) produced in China, India and Brazil, and then divided by the amount (kcal per kg) of product to obtain the quantity of N and P applied per kcal of food type. This was finally multiplied by the food supply of each of these products in kcal per capita per day.
Greenhouse gas emissions (GHG)
GHG emissions were estimated in terms of kg of CO 2 equivalent per capita per day for China, India and Brazil. For crop products (cereals, fruits, oil crops, sugar crops and vegetables), total GHG emissions in kg CO 2 eq were the sum of GHG emissions from crop residues and GHG emissions due to mineral (N) fertiliser application. Greenhouse gas emissions per crop product (kg CO 2 eq) were then divided by the amount of kcal per kg of crop type (cereals, fruits, oil crops, sugar crops and vegetables) to obtain kg CO 2 eq per kcal of product. These values were then multiplied by the food supply in kcal per capita per day.
The FAOSTAT Emissions Agriculture database provides data for GHG emissions from crop residues for wheat and maize in China, India and Brazil. These emissions are estimated using Tier 1 methods, following the 2006 Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas Inventories (IPCC 2006) . Greenhouse gas emissions due to mineral (N) fertiliser application were estimated by using the multivariate empirical model of Stehfest and Bouwman (2006) . The fertiliser-induced emissions model of Stehfest and Bouwman (2006) is a Tier 2 model.
Regarding livestock, the FAOSTAT Emissions Agriculture database provides country-level estimates of greenhouse gas (GHG) emissions (in kg CO 2 eq) from enteric fermentation and manure management for dairy and non-dairy cattle, swine and poultry. Total (enteric fermentation + manure management) GHG emissions in kg CO 2 eq were divided by the quantity of livestock product in kg (bovine, pig and poultry meat, kg of milk) and divided by the quantity of kcal per kg of product to obtain GHG emissions in kg CO 2 eq per kcal of livestock product. This was then multiplied by the food supply of each of these products in kcal per capita per day.
Land requirements
The amount of land in hectares needed to produce 1 kcal of product (e.g. sugar crops, vegetables, fruits, wheat, maize, oil crops) in China, India and Brazil, was estimated by dividing yield data (in kg/ha) provided by FAOSTAT database by the amount of kcal per kg of crop type. This was then multiplied by the food supply of each of these products in kcal per capita per day.
Results
Trends in nutrition transition
Data on the per-capita supply of the products identified as showing the most consistent increases in the three case study countries are given in Table 1 for 1961 and 2011. Data for Europe are included as a benchmark of a developed region, to illustrate both the difference in availability, and the degree of change over the 51 year period compared to the three case study countries. Data for kcal are included to facilitate isocaloric comparisons between commodities.
All three case study countries and Europe showed considerable increases in the supply of vegetable oil, while the difference in supply of other commodities was more variable between case study countries, in particular for meat supply. In Brazil, per-capita meat supply increased to a higher level than for Europe by 2011, largely due to increases in bovine and poultry meat. The data for China indicate a higher percapita supply of meat, mainly due to an increase in pig meat. The increase in meat supply in India, however, is very small, which would be expected as the majority of the population in India is vegetarian. By 2011, fruit supply in Brazil and vegetable supply in China were higher than in Europe. In India, the supply of fruit and vegetables was not so divergent and both were lower than European levels. In comparison, the supply of milk in Brazil, China and India on a per capita basis have increased by similar amounts over the past five decades, but remain lower than Europe.
To illustrate that these changes in commodity supply have been changing over a long period, but not consistently, graphs for supply of meat, fruits and vegetables are shown in Fig. 1a , b, c.
These graphs show the temporal differences in the nutrition transition in the three countries, with meat supply not increasing until the late 1980s in Brazil and China, while vegetable oil started to increase in the 1970s in Brazil and China. The trend in fruit and vegetable supply shows a dramatic increase since the early 1990s in China, not observed in the other countries.
The estimation of environmental impacts depends on production systems which change over time. In an attempt to minimise the impact of longer term changes in production systems, a period of 11 years (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) was chosen for analysis of the environmental impact of the nutrition transition, as changes in supply will be apparent, whilst the influence of longer term changes in production systems will be minimised.
The increase in per-capita supply over the 11 years from 2001 to 2011 is given in Table 2 , along with its conversion based on the population in each country in 2011. These give the increase in each food commodity which was due to dietary change rather than population increase, but they also highlight the impact of the much higher populations in China and India than Brazil, when looking at national environmental impact as shown in Fig. 2 .
Environmental impacts
Analysis of food supply data identified the food groups for which supply (kcal/capita) has changed significantly over the last 10 years, at a global level. The following section on trade identifies significant trade in some of these food groups. In this section, the emphasis is on defining the key environmental impacts associated with these food groups and quantifying which are being most influenced by changing diets.
The estimated impact on water, N, P, land and GHG of the nutrition transition is expressed as global average impact per kcal available by individual food products. The impacts for individual products are summarised in Table 3 .
The impacts of nutrition transition on the environment were measured through six indicators, namely, water footprint, land area, mineral N use, phosphate use and GHG emissions. Figure 2a shows that the changes associated with the nutrition transition that had the highest water requirements (in litres) per capita per day were for bovine meat in Brazil (this includes water use associated with soybean production), pig meat in China and cereals in China and India. Figure 2b shows that land area required per capita per day regarding the increase in vegetable oil supply associated with the nutrition Environmental impacts of changing dietstransition is highest for India and Brazil. In India, the area required per capita per day for increased cereal supply is also considerable. Figure 2 and d show that from the food types analysed, cereals have higher requirements of nitrogen (N) and phosphorus (P) in kg.capita −1 .day −1 , respectively. Figure 2e shows that greenhouse gas emissions are highest per capita per day for the nutrition transition associated with bovine meat and milk in Brazil and cereals in India. These results reveal that the consumption of resources (water, P, N, land) and GHG emissions associated with the production of each food type analysed depend on the geographical area where these are grown. However, the environmental impacts caused by the consumption of those resourses are global, especially in relation to GHG emissions. Trading patterns in these commodities are considered in the next section as an aid to the discussion on environmental impacts.
The links between nutrition trends and trade
At a global level, food exports have more than doubled in value over the last 10 years (WTO Statistics database), which is linked not just to the volume of trade but also the increasing potential for added value from processing. The value of exports of processed food increased on a similar trajectory, from US $ 150 billion (27 % of world food exports) in 2003 to 400 billion (29 %) in 2012.
6 Based on the WTO statistics database, world food exports were 83.5 % of total agricultural exports in 2013. This increase in trade in processed products makes comparisons of time trajectories of individual commodities difficult, so only recent data are given here.
This increase in trade in processed foods is apparent in the FAO trade statistics on China, which reported very substantial increases in the import of fresh fruit from 155 thousand tonnes in 2001 to 738 thousand tonnes in 2011, matched by an increase in the export of prepared fruit from 384 thousand tonnes to 1207 thousand tonnes. The import of boneless beef and veal increased from 2001 to 2011 from <4000 to~18,000 tonnes (FAOSTAT) while the imports of chicken meat and vegetable oil were quite variable over the same 10 year period, without any substantial increase. With respect to the commodities showing significant increases in Tables 1 and 2 , none of the increases for Brazil appeared to be due to increases in imports. One trade figure which is worth noting for Brazil, 6 http://www.fas.usda.gov/data/us-processed-food-exports-growthoutlook 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 Brazil China India Europe a b c Fig. 1 Trends in food supply of food products: a meat; b vegetable oils; c fruits and vegetables (kg per capita per year) in Brazil, China, India and Europe over 50 years (Source FAOSTAT) however, is the increase in export of soyabean cake/meal which is the main provider of protein in livestock diets. According to FAOSTAT database export of soyabean cake increased from 11 million tonnes in 2001 to 14 million tonnes in 2011, and other sources show this has continued to increase. For India, imports of both vegetable oils and milk equivalents (sum of all products containing milk) increased over the decade from 2001 to 2011, from 2 to 19 thousand tonnes for vegetable oils and from 37 thousand to 367 thousand tonnes for milk equivalents. The import of vegetables into India was very low. USDA data on trade was used to identify the major exporting and importing countries for these commodities, as shown in Table 4 . Indonesia and Malaysia are the major exporters of vegetable oils and Argentina and Brazil the major exporters of protein meals. Trade in livestock products (on a weight basis) was significantly lower than that for protein meals in 2013/14,~10 million metric tons for broiler meat and beef and <2 million metric tons in whole milk powder in 2013/14 (USDA).
Data on the quantity of trade in fruit and vegetables at a global level is more difficult to find, but this category now constitutes the largest part of developing country exports, with significant exports to industrial countries, whereas developing country trade in other crops tends to be inter-regional (Ataman and Ng 2013) .
Discussion
The meaning of trends in food supply in relation to environmental impacts
The data presented on per-capita food supply illustrate major changes in types of crops produced and in total animal production in recent decades in the three case study countries, as a result of changes which are not associated simply with population growth. The data presented show increases in vegetable oils in all three case study countries and increases in livestock products (though only milk, not meat in India).
The results on environmental impacts illustrate the impacts of relative changes in the supply of different foods on a range of environmental indicators. There is an extensive literature on the impacts of livestock on the environment (e.g. Ripple et al. 2014; Bajželj et al. 2014 ) and hence only the impact of increased supply of livestock products on water and greenhouse gas emissions were estimated. The trade figures on the export of soybean meal indicate that the impact of increases of livestock production in other countries will impact disproportionately on Brazil. As expected, bovine meat shows the largest environmental 'footprint' for both of these indicators in Brazil, where the increase in supply was high. In China, the impact of the increase in pig meat was equal to that of cereals on water use. These figures are consistent with other estimates of the environmental impact of livestock production (Ripple et al. 2014) .
The major impact of the increase in supply of vegetable oils is on land use, but the trade figures highlight the significant imports of vegetable oils to both China and India from Indondesia and Malaysia. This highlights that the impact of dietary changes in one country may have environmental impacts in another.
In terms of fertiliser use, cereals in both India and China dominate, followed by the increase in vegetables in India. Fruits have a relatively low environmental footprint for all indicators, despite significant increases in their contribution to food energy supply.
What does this mean for agricultural research targeted at contributing to nutrition and health outcomes?
The environmental impacts of food production can no longer be considered as simply local as GHG emissions have a global impact, which in turn impacts on food production. Trade in key products such as vegetable oils and soybean means that the impact is not experienced in the country of consumption (Table 4 ). The analysis in this paper has sought to distinguish between the environmental impacts associated with increasing population and the impacts associated with presumed changes in diet, using FAO food supply data as a surrogate source of information, and three countries which have undergone recent increases in economic growth as case studies.
The results have shown that in Brazil and China, supply of fruit and vegetables (respectively) already meet recommended minimum intakes. These country-specific findings agree with those recently published by Siegel et al. (2014) , who also highlighted the high demand:supply ratios for many low income countries but also for some lower-and upper-middle income countries. Siegel et al. (2014) concluded that there is at least a 22 % supply gap in relation to meeting current health needs, but our analysis goes on to suggest that indicators such as fertiliser use need to be measured when recommending increases in the contribution of vegetables to diets, while recognising that there will be big differences between different types of vegetable. There is much less public investment in horticultural research compared to research on staple crops
L a n d a r e a Research budgets linked to economic drivers tend to have followed a similar bias, whereas allocating funds to achieve nutritional and/or environmental goals could provide a different emphasis. Fruits and vegetables are a very heterogeneous food group, however, stimulating production of specific fruits or vegetables could have a range of influences on environmental impact. This heterogeneity also extends to their nutrient content (e.g. Burlingame et al. 2009 ) and hence decision-makers need to have evidence on both nutritional value and environmental impact. Others (e.g. Weinberger and Lumpkin 2007) have already called for development agencies to invest more in horticultural research, although their emphasis was more on identifying new technologies to improve productivity. We would endorse this call, but recommend a simultaneous focus on nutritional quality and maximising water and nutrient use efficiency.
Globally, public research funds have focused more on staple crops rather than on the wider diversity of crops needed for a nutritionally appropriate diet, and as a result there is limited evidence on sutainable production of fruits and vegetables with a high nutritional content. Given the increasing interest of international organisations such as the FAO and WHO in promoting nutritional diets, a rebalancing of public funding towards increasing the diversity of crops should be a key part of an implementation strategy. Bringing these disciplines together to consider future food production in terms of nutrition security not just food security, should be a priority.
Another factor which needs to be considered in identifying future priorities is the potential impact of climate change on the productivity of different crops. Rockström et al. (2009) consider that climate change has already transgressed the boundaries of a safe operating space for humanity with respect to the Earth system. The food commodities identified as of particular interest in this paper are at different levels of risk from future climate change.
Empirical evidence suggests that increases in temperature in the period 1980-2008 have already resulted in average global maize and wheat yield reductions of 3.8 and 5.5 % respectively, compared to a non-climate change scenario (Lobell et al. 2011) . Challinor et al. (2007) assessed several studies and concluded that whilst the magnitude of the response of crop yield to climate change varies considerably, the sign of the change is mostly negative.
While soybean meal, fruits, oil crops and vegetables may be threatened by increased temperatures, and subject to increased losses through more frequent and severe climatic extremes (Reichstein et al. 2013) , changes in precipitation might pose the greatest threat. Table 3 shows the highest water footprints for livestock production, followed by fruits and then vegetables; therefore the production of these commodities might be at risk.
Conclusions
The nutritional and health consequences of the dietary transition in middle and low income countries have been recognised for some time, but the environmental consequences of these dietary changes are less well studied. It is essential that not only nutrition and health are considered in future national and international policy development in terms of the consequences of the nutrition transition, but also the environmental impact. Research strategies designed to co-deliver economic, environmental and health goals will need to draw on inter-disciplinary collaborations to define priority research questions. They should include a range of environmental indicators and not just greenhouse gas emissions and they need to take into account differences in impacts (partly due to different production systems) between countries.
